There has been much debate as to whether magnesium, a well-tolerated, readily available and cheap therapy, should be used to treat patients with suspected myocardial infarction. Despite promising results from animal studies and small clinical trials conducted in the 1980s, two large recent trials have concluded that the once phenomenal treatment is ineffective. The story of magnesium for acute myocardial infarction is a lesson in medical humility.
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Background
Physicians and researchers have long sought a safe, inexpensive, easily administered treatment that improves survival in acute coronary syndromes. Aspirin is all of these things; its low cost, incredible effectiveness and extreme safety make it the closest thing we have to a magical therapy for acute myocardial infarction (AMI). 1 Despite mounting evidence to the contrary, many clinicians and investigators have clung to the belief that intravenous magnesium sulfate might rival aspirin as a therapy for ST-segment elevation AMI. 2 The rationale for using magnesium to treat patients with AMI derives from laboratory studies demonstrating that magnesium has anti-ischemic and cardioprotective effects. Magnesium is Mother Nature's calcium antagonist: a peripheral and coronary vasodilator with antiarrhythmic and antiplatelet effects that decreases reperfusion injury by preventing calcium overload in ischemic myocardial cells. 3, 4 Animal models of AMI suggest that magnesium limits infarct size if administered before or concurrent with reperfusion, but not if given after reperfusion. 5 Thus, magnesium infusions initiated shortly after the onset of myocardial infarction (MI) might be expected to limit infarct size, suppress life-threatening dysrrhythmias and improve prognosis.
The evidence
Early data from more than 3600 patients were promising. Most notably, the 2316-patient LIMIT-2 (Second Leicester Intravenous Magnesium Intervention Trial) showed large and statistically significant decreases in mortality, heart failure and dysrrhythmia rates when intravenous magnesium was administered to patients with suspected AMI. 7, 8 Moreover, magnesium was associated with a 16% relative reduction (1.8% absolute risk reduction) in all-cause mortality over a 2.7-yr follow-up period (p = 0.03). 9 Researchers concluded that the benefits seen in experimental ischemia-reperfusion models translated into real cardioprotective benefit in the clinical setting. As a result, many physicians incorporated magnesium sulfate into their AMI treatment protocols. 10 Indeed, many educators on the CME circuit reprimanded clinicians who had not adopted magnesium as standard AMI therapy (Dr. Rick Bukata, Center for Medical Education, Creamery, Pa.: personal communication, 2003).
These encouraging results were later challenged, when the Fourth International Study of Infarct Survival (ISIS-4), a randomized trial of 58 050 patients, reported no 5-week mortality benefit in patients treated with magnesium. 11 Because of its large sample size, ISIS-4 was compelling, and the use of magnesium for AMI was largely abandoned; however, there were flaws in the study, and subsequent small trials again reported magnesium to be beneficial in MI patients, so the issue of magnesium's efficacy was not entirely resolved. [12] [13] [14] The most plausible explanation for the conflicting results of LIMIT II and ISIS-4 relates to differences in the timing of magnesium administration. Experimental evidence suggested that magnesium's cardioprotective effects are dependent on the presence of high serum magnesium concentrations at the time of reperfusion. In ISIS-4, magnesium was administered much later after symptom onset (8 hours, compared to 3 hours in LIMIT-2) and was administered after, rather than before or with, thrombolytic therapy. Magnesium supporters speculated that ISIS-4 subjects did not have sufficiently elevated plasma magnesium levels until after the myocardial protection time window had closed, thus negating any potential beneficial effects of magnesium. 5 Another proposed explanation for the disparity between the earlier trials and ISIS-4 was the low overall mortality in the ISIS-4 trial. In the earlier trials, the benefit of magnesium increased as the control group mortality rate increased, and a more recent randomized trial demonstrated a substantial 79% reduction in mortality among high-risk patients receiving magnesium treatment (control group mortality rate of 17.3%).
14 In ISIS-4, control group mortality rate was 7.2%, significantly lower than previous trials, raising the possibility that most ISIS-4 patients were in a low-risk group unlikely to benefit from magnesium.
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MAGIC
The Magnesium in Coronaries (MAGIC) trial was a double-blind randomized clinical trial designed to resolve these controversies and to determine if magnesium therapy was efficacious for specified high-risk groups -patients over 65 years and those otherwise ineligible for reperfusion therapy with either thrombolytics or angioplasty. MAGIC randomized 6213 high-risk patients with suspected acute ST-elevation MI (STEMI) or new left bundle branch block to intravenous magnesium sulfate or placebo within 6 hours of the onset of symptoms. Magnesium was administered before reperfusion when appropriate, and all patients received other standard treatment for AMI.
At 30-day follow-up, mortality rates were 15.3% in the magnesium group and 15.2% in the placebo group (odds ratio = 1.0; 95% confidence interval, 0.9-1.2; p = 0.96). There was no evidence of benefit or harm in any subgroup, and the authors concluded that there was no indication for routine administration of magnesium in patients with STEMI. 16 The MAGIC investigators commented that the null effect of magnesium was surprising given the results of previous trials, and the reasons for the lack of benefit were unclear. Some suggested that publication bias and small sample size may have inflated the apparent benefits seen in previous trials. Others speculated that magnesium's proposed cardioprotective mechanisms might overlap with those of current AMI therapies not routinely used in earlier trials, such as beta-blockers and angiotensin-converting enzyme inhibitors.
Whatever the reason for the disparate results, the cycle of over-optimism, disappointment, renewed enthusiasm and repeated disappointment is humbling. Many of us used magnesium and bullied others into using magnesium as routine therapy for AMI. Now, we academics are equally aggressively reporting magnesium's lack of benefit and suggesting it has no role in modern therapy. As of March 2004, magnesium is dead -at least as a therapy for AMI -but don't be surprised if it reappears. In an age of expensive, over-hyped "wonder drugs," the concept of a cheap, safe and effective therapy, not marketed by any pharmaceutical company, is more than some of us can resist. And one thing appears constant in medicine: Today's
